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bide substrate having a (000-1) face and a method for man- 
ufacturing the same. By optimizing a heat treatment method 
after gate is oxidized, an SiC semiconductor device having a 
high breakdown voltage and a high channel mobility is man- 
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ductor region and a step of forming the gate insulating film 
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por at a temperature ranging from 800°C to 1 150°C, thereby 
reducing the interface state density of the interface between 
the gate insulating film and the semiconductor region. 
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mn 1 0 0 cmVVs £*_hf£;&S N 1 E 2 2 /cm 3 tK* 

2 0/cra 3 /S>£> 1 E 2 2 /cm 3 Pg^ $ *L * 0 

fc^T^^iflcgf ^MI SFETtfcfiMI S^^^^T? 
$> 5 o S i CTMI SFETtfctt.MI S^t^^^^^S^ 

tfc,i38 oi§0j!te, 137 (D&wKmm<D*mtemm\z. 

*5V^T. Su|2M I SFET^n f t^/Ht'fc5„ S i CT*n f" 

t^^M i s f e t &ftm-tz - £ m £ 9 ,jt5»JE#.t«m-eib 

Sfc N f 3 9 ©SBpnis 137 0«W^|B«0^*#:S«t2: 
33V^T, fiiflBMI SFET^pf t^/HtfcS. S i Ctpf 
t^/VM I S F E T ZftMirZ i i: (31 J: <9 x Si iSJBE&tfift 
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out. mi QKDmwte, i3 6 <Dmwtemm<n*mfomw.te 
**^x,&4mftmm&& 3 8 <Dmw&x$wi 3 9 ©ssBmcia*© 

MI SFET^fcttMI S *r ^ * f * b fl*J& CM I S 

Sr^ri-smsST*> 5 o sictcMis Zitm-tz - <fc t> > 

i^MJ3ES:r/i«?a-t?»J#i-5 CM I S 0J£«:tfs3*T?£ 5„ 

tfc^l4 1 <D|§!Jm> 3 6 <Z>3§PJ3KlB«<Z>¥^ffc^SK 
*3V>-C > ^^^fr^®dS^MM I S F ETfcSVMi^lDM I S 
FETT'&S. S i CflSMM I S F E T^flDM I S F E T 

*5V^T. i^ii^ilDM I SFETtfcS. S i Cti 
IDM I S F ET^f^itS r^a"3 x iSBSffiiR T*iSi 

Ifcfc, |43 <Z)3gPJ?te> ^36 IB 
*5^T\ &¥*#36«3 S IGBmS. SiCT'IGBT^ 

*fc^l44©»Mfi,»43 <£>3&0§fcfB#©¥21l#««fc: 
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»30tt N &mmmtAr (TJVd^ls), H 2 (*3fiK H 2 0 
MO S^rt^^^OC V [Bill £^-fST%H iSiJi« C VftiHU 

|5|li, H 2 0#ffl^"C©lfeft: £ A r N H 2% H 2 0#ffl^T* 
yi^I^tfcf H 2 Oi^l^6 5 Ot, 7 5 0°C, 8 5 

o°c N 9 5 o °cx~mm&m ^frM&<D Rmmfem TF-tmx* & 

<5 o 

r >vxi ^wmnxm^m u soo o CT'7K*^f^ ^ fc-c 

^ 9 h 2 o «h o 2 (^*) (000 

- 1 ) m<DS i CSt^lSft LT^^^t^fc S i o 2 mRX^S i 
0 2 /S i C#ffi^*5^S7K*^^^ 2 ^-f^->-ff*^*T& (S 
IMS: Secondary Ion Mass Spectroscopy) ioTSf Lf:S 
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m i omit, n^-^^/v^m-mmm-^mi^m^^m v 

9 > v 5 * ^ ( n channel MI S F E T : Metal Insulator 
Semiconductor Field Effect Transistor) t p f- -T ^ I S 

F ET(CioTM^5ffi»I-W-W(CM I 
S : Complementary Metal Insulator Semiconductor) [El j£§ <£> Kfr 

^1 1 0»,^JR-|S&J^-^^#: (DM I S :Double Metal 
Insulator Semiconductor) [e] tf) Hff ® H T? 5 0 

f 1 21ft, (Lateral Resurf) MI SFET0H© 

ltf®l2|-e&5o 

mi 3 Kite, biil/^*^7 h^^v 5 ^^ (I GB 

T : Insulator Gate Bipolar Transistor) HI S§ <D WfM 0 T? & 0 

|14 0I±, + ^/H GBT0lg©l5fiii0"e*>5o P + 

38 W «: glifei- S 1JS 

*^pj-eft, i&iR&ttmjza*. (11-20) B<tn^# 

W (0 0 0-1) E M 3o T , (0 0 0 1) IJ: D 

m 1 Hltes#Hb3imK*££:/BV N fcMO S^7 ^v^^^Mig 
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■fvizx&qKDmmm-ehZo mim (a) © (ooo-n ® 

© PM^HfcSlffSfe 1 (4H-SiC, 5X10 15 
cm" 3 ) &ii^<£R C A£fc^& LfcfU^' PWiiltK' 
7 * 1> U y?774—m<?>T9'C*>h*<r—?&R I E 
(Reactive Ion Etching) "CT^ Lfc 0 ::t\ £Hb3£*£fcl£: 

&v^-? N If! i m (b) i^i- «t 5 t y-^M^&svMi kv 

-f V^g^CO-r ^ 4 ^^^HDSI^C VD (Chemical 

Vapor Deposition) i S S i O 2 flU "C ?F2 J$ 5 „ 

^^H£#iJ-e{3^ 111 (b) fc>f ^"^^A^^ * 

i: LT N LTO (Low Temperature Oxide) Jg| ffl V ^ fc 0 LTO 
Jgm.i/^ ^ £ ^3{t& 4 0 0 h 8 0 0 °C -QRlfc £ itT ~ mit 

mm* pmjp^t&m&m 1 tw^i ^ i Lfc 0 #^ 

y — .x S W3: f'V"f US P L- £:„ ^v^-c^ ill 

( b ) *c ^ U fc y — * 3 £ K 4 >- 4 £r ^ffc-f 6 ft In 5 

0 0°CT% $PS><5 VMiSttSt^-l' *>iSLA Lfc 0 ^rtf>f. T 
/l^ =f ^ gg cfa ^ $5 T 1 2 0 0 b 1 7 0 0 °C CD f£ ffl \ZL *3 

v^*£t4teB#I ; 3S£:fT p o ^Hi&M-trte, 1 5 0 0 tT* 5 
^JS^rrofc &V^T% «^<£>?f 8Kb<Df;:tf> t. 1) #tt^Hbflfl 
MHFt'xyfy^, 2) V^^^^^r Rg|t Lfttf* P> S 

1 C*^*ffi^il N 3) 1 O0OtT'3O^©H 2 feI, 4) 2) 
©ft 3 ) Sriggg LT?T 5 o ^^T% 8 0 0 b 1 2 0 0 °C T? 
0 2 fcSVM* N H 2 0 (tK) &-£tf#;*TgHfcLT\ 5 0 nmO 
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— jtSKl, H 2 0 ilr/B Wc^-fb^te. 1) H 2 O^^B 
VMi^P^-M T^^^^StK*1?^i-^-^s 2) H 

2 (tK^) £0 2 (^if) <i:^j£$^5 ^ i: K X V H 2 0 %3§£$it: 

BI£r^/& Lfc 0 2 ) 8 0 0 °C^fe 1 2 0 0 °C"efTo 

fc Q r ©f^ia, H 2 0^^?t'14^f^ ^« LTt> <fcV^ 0 
$ h fc.f&Mitmk <£>|£^tf>fc£>^ 5 0 n m CO L T OUty^ h 

V^^II;£ LV^ H 2 & 5 V^iH 2 0 £ fc # IS ^ f T 

S*0<3S£Lfc o H 2 ^-g-^fc^ffl^^m^t ft. 4O0Wb9 
0 0 °C-efTo fc 0 H 2 0 Sr^Ayfc^H^O^-^^tt, 6 5 0°Cfr 
h 9 5 0 °C-e*f bV^ ^mnm-ete, 6 5 0 °C, 7 

5 0°C N 8 5 0t;, 95 0 °C <D ^ fh^: 1nX«ft o tc Q &mM&\X@z 
m LfcH 2 0^f^» N iTH 2 j/^i:0 2 ^^^8 0 Ot^ISt* 

to 2 mm) #*<Dffim, [o 2 ], ©it co 2 ] / [h 2 d 
o . u^io ©$&K-cfBfiE LTffo/ta^ I? i m^^-^t* 3 "t? 
fcofc 0 r <d b# (z: , H 2 o^f^«. ^m&jfx ir/is^y, mm. 
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2 om^m^ itiS^H, mttthm&n-o ft e 2 0 g oh 2 & 5 vms 

* bV^ *H*SMTMi> H 2 0^a^r 650 °C £850 °CX*fto 
It&K* 8 0 0°CT*7K^^S%frofc 0 

h mm 6 sr^j&-t-5 ^> b mmn, t ^ % 

^<D^-TtiX-h £ b roitWSij^ MoSi 2 

]I§l,£>3V^taT i S i 2 JH& }£<Dl<> V f"^ KJjfl£^J& LT t> 

&mU&)\z.^ y bT =i ? FJL^lP bfc #CV^. T 

Mos^t^^ii, &©*Hfcf££g bfc„ If, (0 

0 0-1) B^NM^fbS^SK (4 H - S i C N ^FMfeSa : 
5X1 O 15 cm" 3 ) SrIt©RCA^jtSrtfctt, 1 0 n m <D 
m&gHbJU^tfc b"C> ~ <^#tt@lfclfl£ 5 %7s/^T-i4 bfc c 
^ 00 ^ ^ , ^Mlil^^LT, ^<£>^> ^^S^fTofdo 
h i^i^^?^^^-^ . ^0^(^fi^a7J^fi> MO S F E T 
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Ufc^^fi, MOSFETttif^Lft^ofcliS, H 2 0#IS^iO 

fi N Wlfc b s -t©^ir^^^»SW: 5 0 cm 2 /V s 
ofc 0 1 1 5 O^CPiTOHjOf itt^'- ftft 

JlSI$T^J&i-5 £ > (0 0 0 - 1 ) ffi-Ct>, MOSFETSrftffS 



H 2 0 IS 950 °C^bl200 < C 



H 3 HI \C 

-e 3 o ^^B^a^r LsXluwdmo s 3cv<i/# (Dmw&m- 
m&MfefeT°Mfeisftfrmmi&cvmm(mfefflwzwi: f = i o o 

kHz) £lpi£#JC V4#tt (^.x y rT'SBEV s = 5 OmV, MM 

B#p^t d =io#) ^/Tt, nasi a* , ^scv#ttt\ mm& 

*i - - - 



D 



it 



q 



l 



l 



-l 



1 



1 



-i 



'OX 



'ox y 
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At (T/V^ls) f 0^©i^^!lI^LTV^5 o & 

fcmfttfS 110 0°CJ^_h^T?« N D lt ttlB5 < > & 
110 0 o C^Tt-4 5 £ M'J? 1, 1 0 0 0 o CmT^4 5 

45. l a* o t\ Bfeft; 1 1 0 0 °c «t 9 

m 5 ig-ef*s (Dry). H 2 ommn (wet) -e 

S i Clt^HifttT, T/i^^fMSO^S: Lfc%tf) £ % $ 
Id 3ft* 36* *3» £>i\ 3 D it %WL'P $-frTV^5 ©/5*i>/3>5 0 

ffi^fi^SSr^i-o 4 0 0°C£-T?te< 3Hba*fcV^S N 4 0 o°csx 
±T'IfH^>lt 8 0 Ot^iiTg&fP-rSo 1 OOOtifJl 

*lta5£>-T:\ Tk^f^^kSOffi.Sfi, 4 0 o°c^b 100 0°C^iI 
U20 o°C-e^j& bfco-^m, 7;vJy#IMt*lMl, $ 
o°c^±*-t?« N D lt f4W<^ f$^-^-efe6^. 1 l'ootj; 

*M£< 4 5 £M'> 1 0 0 0°C£*TK:4 5 i:-]liu*§ 0 Ufc 
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Rte»£r±, 1 1 o o'cj; tuE^ma^s* uv^ ■ 

oH 2 o^f^IS)55, #S2pffi^^^Mi-S^jm%^i~c H 2 o# 

2 5 #ffiSpfiC«f^tt^-^-Cfc5 5 0 

m m&fr t mfc'&<Dm%km0kW t mo s f e to^ 
* i 









A r (110 0*0 


A r +H 2 (110 0°C) 


Ar (9 5 0°C) 


H 2 0 (7k) #fflfl 


5 0 cm 2 /V s 


7 2 cm 2 /V s 


6 5 cm 2 /V s 



»•£ 5 0c m 2 /v s f-tfs, H 2 t»MLfc»^l:f 

9 5 0 L/fciji^-^ ft, 6 5 c m 2 / V s "C*l&$^ T (f 5 - £ 

h&feflg*: IT L T O IBS £S& 1Mb IK"© J* 
i% 2 frm-tv *«ftl©7--/^ (POA:Post 

Oxidation Anneal) f4 N Ar (Tz^^) # * "T* <£> T =• — 
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m2 







LTOJ11 


< 1 0 cm 2 /V s. 




5 0 cmVv s 



1150°C N 14^t$>5 0 H 2 ^0 2 
£KJ&bT. H 2 0 bfcl*f^ ^ ^ ^^^»Jl£ < s ^f- 



S3 



H 2 oo4j*ft 






< 1 0 c m 2 /V s 


H 2 to 2 (omm 


5 0 cm 2 /V s 



Hfcjftll a* 1.1 5 0°C V 1 4#T'&5„ 
S4 



s i cmmvmftxm 






5 0 cm 2 /V s 




5 5 cm 2 /V s 




5 7 c m 2 /V s 




6 0 cm 2 /V s 
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^■e^^^fi^JN-i-S^t^^aX^^^^^O^fi, 5 5c m 2 / 
VsffcS^, 7k*T = -/l'fc: «fc S^if-toa^T? 57c m 2 /V 

— 7V\Z. £ Zmft&n&ft b t 6 0 c m 2 /V s m^ofCo vftm 

1911:^0^02 mm) ^b^sfiitfT (000- 

1 ) SO S i CSIS&^teLT^J&^tbfc S i 0 2 IH^.tKS i 0 2 

/s i c#®^*5tt z>7km&m%: 2 ;*-^«*£-#f*fc( s im 

S Secondary Ion Mass Spectroscopy) iCtoTif Ufc^t^^ 

hmfcmtpfc 1 E 1 9/cm 3 ^±©7K*^^f LTV^5 
^^^^«0^^^7^S»]^{i 10 0 cm 2 /Vs mJhfc^, 1 E 2 

0/cm 3 &&x.z> 7km^£^xmfcmtfm7t£tixmfcm(D 

»]E^fg7t5©-e^ 1 E 1 9/cra 3 ^fe 1 E 2 0/cm 3 Kipg^£ 

o 

h^it^t^t^^ffit' 1 E 2 1 /cm 3 &±<D7k 

m&^ii^x^z¥mfcmm<n?-^*^&W)mi-± 1 o ocmWs 

TC^ttT^^moRff^MgT-r^O^. 1 E 2 0/cm 3 ^£> 1 E 

2 2 /cm 3 ^PS^£ 

^ 1 OEIfc, n^^^^^JS-«fePcM-^^#:m#^mM h 
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*7 ^ v> 7 $ ( n channel MI S F E T : Metal Insulator 
Semiconductor Field Effect Transistor) t p ^ ir ^W^M I S 

f e TKk^TMi&tstizmffiM&m-mMm-^mteicM i 

S : Complementary Metal Insulator Semiconductor) tH SE§ (O fflf 

Ml 10i:>^i-<6Ii-¥f^(DMI S :Double Metal 
Insulator Semiconductor) [e] <D iff ® El £r i - 0 

^1 2 0fc N (Lateral Resurf) MI S F E T (U S& <£> 

^1 3 mtC N Mfei^M^^ b V l/i?7 ? ( I G B 

T : Insulator Gate Bipolar Transistor) [U Sg (D IUr® HI :^-f~ D 

pf GBT0S§©iS0lr^t o p + 

S/< y 7 T M ttfc < T t> <t V^„ 



ft^C 7 N MOS^-T^v-^, MOSFET, n^^r^/l^ 

MI SFETip ^-^^/I^M I S F E T \C <fc o Xffij& £ tl5 C 
MI SH]S§, DMI SHIS§. S> 5 VM± I GBT0K4ifoy-b 
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st # <d m m 

8 0 0°Cfrb 1 1 5 0 °C<Dffi.^f&|S&;i;fc^T N H 2 0 (tK) # 
2. 8 O O °Cfi> h 1 0 5 O °C©?a^f5ffl^*3V^T, h 2 o^^. 

^mfcmmte, (ooo-d m<oifcfcmmi>* 

H 2 0 (tK) ^^c^isM"^*^-^ - £ K: <fc «9 s ±12 
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(ooo-i) ffio^Hb&ma* £> t^^m^-i^m 
^e<D^- MftlltfltSr^^Ufelftfc^ H 2 o (tK) tf**^htz. 

5. Mft»BISr^^Ufc«K:fT5»«saB:^ H 2 (7k*) 

6. M&StJR«r^fife Ufc&tcf? 9 ^£!;3lteH 2 0 (7JO # 

* t ^Fmm?x t (om&tf *^x*nt>fri, ^<du 2 o (tK) 

M^te^&&£> bfrfc 1 %&v> b 1 0 0 % i* *t 2» ?t ^ £ 

to r. b b -t z>m&<D$&mwi 2m*frnm 35ov^f^^ 

7. hm»m Jim t, h 2 

«H 2 0 (7k) ^^?rtA,fc#itT»ifeIt5Iti©F^^, 



2 
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8. ^-Mfe^SrWSIS^ H z O (tK) #.*£-^A, 

1 ^58^^ fc5 Wi N H 
O (tK) ^^^^Ayfc^H^-em^at-^XSi:, H 2 (tK*) 

b fc <D ^ # IS tC^"?^ ^^fcB#f B T JifB 

10. h*fe»J8S«:?gffc-*- SXSO^mfT 5 H z O (tK) # 
^%-^Ayfc#ffl^-ef^M;S-t-6Xa{*> 6 5 Ot^fe 9 5 0 °C <£> 

11. hmmm*¥m{£mm<D® t mikm\z.£ t> w*i&irz>^ 

12. ¥mw-m®,<Dmmikfefe. h 2 o (tjo a, fc# 
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1 1 mmm(o*mfcmw<z>mm-jjm 0 

1 3. H 2 Otf* &<gA,tcWm%&H z Otfx t 5 VMS, 

14. b#fti»filSr^^Ufe^^> H 2 tr#A.fc#ffl^ 

^i^f^fcSV^ft, H 2 0^^> irBfe*^^Xt^^FfiH4^f^^fe* 
•3 „ H 8 0#;*flS 1 0 5 0 %4>^£>i*:#> b frhfcMMX* & & 

i-SS*3fc<ofl6ffl& 1 3 3SIBS^>¥*#:^«^^5t 

15. _h!Btf>H 2 0 (zk) JifBO^ffc^^B^fr 
fc^H^fciSJV^T H 2 (7k it) #*£:0 2 (&$) <£KJS&- <k 

16. H 2 (7k*) tfX<DmM> CH 2 ], t0 2 (S6*) JfXCDffi 
[o 2 ], ©Jtas Co 2 ] / [H 2 ] = 0 . 1 t> h 1 0 0 OtSffitf) 

1 7 . ^^^f^^^ftfiS^ 8 0 0°C^b 115 0 o Ccr)f5ia 
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19. h 2 (tk*) tfx%<SAst?:w^m%.-e<z>BmmMm& 6 o 

0°C^b 9 0 0 o C<£>t£IS<D^s£>#!:#> b ft ffi. £ *5 ffl fe S - 

zwm t ir sit ^ (Dm m m 3 3®&v^ l$& i 8 js^^-t fta^-ia 

«©¥3*#£e«<Bis strife- 

20. hmmm<Dj&i&Rxfi*:<D&<Dii 2 (tk*) 

V^fiH 2 0 (7k) #*fc^tt*j£te;tf;*#ffl&-C©|»fea«^ 

m&<D$&mm 3j®*v^l»i 9 ^ov^-r ft a^ia 

2 i . w«©ts»i:t5itit ^-y^#ffl^^ 

fctta>ftfc¥*ffc«#te#*3fe«rflai*-*-S r. i: J; 9 

22. *£m{£mm<D%tm*m&\z-i-z>^nn. h 2 (tk^) # 

It i i-SIt fflfr? 1 Uf! 2 1 jJovnT ft^KlE*^ 
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2 5. H 2 (tK*) ^^^fc#ffl^T^^^a^> h 

2 6. H 2 (tK*) A/ fc# IB £r?T 5 IS 

$ b^s mJ^WD'&K, 6 0 OtKTT-O'Fitt^^f 
ffl £C 4» 3 «rfr 5 xa^-a t? r. fc £r#ifc £ -f 3fft*<£>i£B 

27. (000-1) momit&mfr h -^^^mi^mm^^— 
n&\zmm&mirz>.¥mftmmfc&^x^- hmmm*^ 1 e 1 

9/cm 3 2»£> 1 E 2 0 /cm 3 OfSfflOTk* & 5 VMStK^K (OH) 

tf&m— mmm— ^m^m^^m h 9 * (m i s f e 

So 

2 9 . flt^JS 2 8 \zmW.(0^mi^mm^^^X . mi IBM I S F 
ET^ n ^-r ^/HtfcS ^ £ tt5^iio 

3 o . it^:^ 2 8 izmm^^mi^mm^^^x, ptiem i s f 

3 1 . If 2 7 ^IBmo^^fifc&^-C , ^^^fls^g 
^ff^^ 2 9 R-am^TS. 3 0 ^|BS^>M I S F E T * fcfiM I 
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^mg^m— mmm— ^mw-mw^^m h =? ? (Lateral 

Resurf MI S F E T) fe§VMi1t®DM I St#^)flh7y 
v 5 ^^ (Lateral DM I SFET) "C 5 - £ £ #fl£fc i: "T 3 ¥ 

3 3 . ft^JS 2 7 ^f2ite<D¥^#^g^*5V^ ^¥##£16 
^IIDMI SFETtfc5I^Mi:t5¥ira = 
3 4 . 2 7 ^fE^O^^fr^g^^VNT, ^^iSg 

^mm^f— M^-f # — 7 — b 7 ^S?* * (I GBT) "C cfo <5 CI 

3 5 . 3 4 ^12ijft<Z>^#^gK::ib^T, 

a* P iGBTx*$)5ii k-tz^m&mmo 

3 6. ( 0 0 0 - 1 ) 

i$<E>#® M 1 E 2 0/cm 3 tf> b 1 E 2 2 / cm 3 <£>f£|S<£>7k^ffo6 
VM*7kS£g (OH) &ff%ElrZ> r. £ **ti:t5¥*ftil. 

3 7 . ft^3® 3 6 ^laico^^gKi&v^-r, t£¥W^l£g 

36S M I SFETtfcttMI S*"Y'*$'f"T*ib&Z.k&G&k't 
3 8. S&jfc3g 3 7 fcliB«& fc*3V^ N Sir IBM I S F 

3 9 . fft^gt 3 7 t3l|B^O^^^^g^^V^T N SfrlBM I S F 

et^p ft^/HT'fcs - 1 &mwLk~rz>*nw-mw.o 
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4 0. it*«3 e ^la^^^g^^T. m*m&mm 

&m-$m 3 8 &T>*lt3fc3S 3 9 ^lE*c<£>M I SFETI fcfcM I 

s frb-mf&£ti<z> cm i s &^ri-s lasg-efc 5 r 

4 i . it 3 6 ^ib«(d^^#:^«^*5v^t. m^mfcmm 

^ISMIS FETfc5V^I4ilDMISFETt*)5:i 

4 2 . 3 6 ^|Bi|£^^#^gK::fc^-C. s£^ffc^« 

^ISDM I SFETt'S)5ri ^MitS^ftSio 

4 3. w*3g3 6 ^!E*c^¥^#£is^*^-c. m^mfcmm 
4 4 . it^^4 3 ^iB«(D^^^^«^joVM:. m^mfomm 
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